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R esearch into treatment techniques for tissue
repair has undergone tremendous discus-
sion and growth in recent years. There are many
treatment facets to consider when addressing the
healing process. Treatment options may range in
scale from global concerns to effects produced at a
cellular level. Global tissue repair issues include
health care coverage, reimbursement, and the in-
teraction of health care professionals on a wound
care team. Client-centered matters may also affect
healing. For example, health care professionals may
choose to use a team approach including the client,
family, and other care givers in the management of
tissue healing. Other client-centered factors that af-
fect the healing process include injury, disease, nu-
trition, and compliance. Last, there are treatment
components affecting the tissue or wound environ-
ment. Previous articles in this journal have covered
many cellular aspects of tissue and wound environ-
ment issues with regard to tissue healing and re-
pair.

Electrotherapy influences tissue repair at the
level of the wound environment. This article dis-
cusses research findings and the clinical use of
electrotherapy in tissue repair. A brief review of
the theories and current scientific rationale for use
of ‘electrotherapy in tissue healing -is provided.

Included is a brief examination of research dealing:

with electrotherapy and tissue healing. Clinical
treatment decisions—involving types of electrical
current, polarity, electrode placement, and other pa-
rameters as well as precautions and contraindications
—are discussed. This article summarizes recent de-
velopments and trends in the use of electrotherapy
for tissue repair in order to facilitate clinicians’ de-
cision-making capabilities and their understanding
of treatment options.

THEORETIC AND SCIENTIFIC BASIS

A number of interesting and thought-provok-
ing studies of electrotherapy and tissue repair have
been done in recent years. In light of this research,
possible mechanisms attributed to electrotherapy
and the stimulation of tissue repair are examined
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here, starting with the theory of skin battery volt-
age and healing.

Numerous studies'”® have shown that tissues
in living organisms possess an electrical current.
Various living organisms, including humans, have
a skin battery potential that is negatively charged
on the surface (skin) and positively charged in
deeper tissues.””'® Research has demonstrated the
presence of an electrical current in the wounds and
injuries of human beings and other living organ-
isms."* Intact skin has a small negative charge,
and wounds are positively charged. Becker® intro-
duced the concept of a “current of injury” and
demonstrated the difference in charges in the skin
and on its surface. Vanable' has demonstrated that
mammalian skin requires a moist environment to
maintain this flow of current in the tissue. Cheng
et al.”® have also demonstrated that wounds pro-
tected and kept moist with an occlusive dressing
have higher levels of voltage than wounds exposed
to the air. These findings lend credence to research
supporting the need for a moist environment for
optimal healing of tissue.'®" In summary, there ap-
pears to be a relationship between the electrical
“current of injury” and the repair, regeneration,
and growth of tissue. Electrotherapy may mimic
the body’s own bioelectrical signal and promote
healing in chronic wounds that have an impaired
or insufficient “current of injury.”

Research findings have provided a basis for the
use of electrotherapy to augment the healing pro-
cess. Many effects of electrotherapy on the healing
of wounds have been reported. An extensive re-
view of the electrotherapy and tissue healing liter-
ature is not provided here, but a synopsis of per-
tinent human and animal research on the effects of
electrotherapy appears in Table 1. Previous articles

_in this journal have reviewed the different phases

of healing—the inflammatory, proliferative or fi-
broplastic, and remodeling or maturation phases—
and have illustrated many elements of both suc-
cessful and abnormal healing processes. As
discussed in these articles, such factors as the cells
involved, the physiologic or metabolic factors, and
the presence of inflammation or edema may affect
the healing process.

Cellular effects that may promote healing in-
clude the attraction and stimulation of neutrophils,
macrophages, leukocytes, and fibroblasts to the
area of the wound.* Electrotherapy has also been

*References 20—23, 26, 28, 29, 32, 35, 42, 43, and 45.
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TABLE 1. Effects of Electrotherapy on Tissue Repair

Cellular effects
Epidermal cell migration
Increased fibroblast proliferal’ionZU
Anode:
Neutrophils attracted”*
Macrophages attracted®
Mast cells (associated with abnormal fibrotic healing) mi-
gration inhibited™”
Leukocytes attracted™
Thrombosis of small vessels®
Bactericidal®
Cathode:
Neutrophils attracte
Fibroblasts attracted®”
Epidermal cell migration®*
Leukocytes attracted (when infection/inflammation pres-
ent)2132,35
Increased blood flow™*
Decreased edema™
Solubilization of thrombus material®
Bactericidal®***

10,18,19

le,ZZ

Physiologic/metabolic effects
Increased adenosine triphosphate concentration™
Increased collagen alignment or organization™***
Increased protein synthesis and DNA production®
Increased amino acid uptake”
Increased collagen synthesis®
Stimulation of growth factor receptor sites*
Prevention of oxygen-derived free radical damage®

Bactericidal/antimicrobial effects
Pseudomonas aeruginosa” **4>*
Staphylococcus aureus”
Escherichia coli”’**®

Staphylococcus epidermidis™

Klebsiella organisms™

Gram-positive, gram-negative bacteria and yeas

Cellular attraction of macrophages, leukocytes, and neutro-
phils

Circulatory effects
‘Decreased edema™*
JImproved circulation®~3*%
Improved blood flow to grafts/flaps

tSZ

47,5658

Other tissue effects
Improved healing rates (see Table 2)
Improved epithelialization45
Solubilization of thrombus material at cathode™
Decreased scar thickness®?

Improved tensile strength®™*

shown to cause beneficial changes in blood flow
and reduction in edema.®****~** Physiologic and
metabolic effects may involve improved protein
and collagen synthesis™**** as well as valuable ef-
fects on adenosine triphosphate and DNA produc-
tion and on amino acid uptake. Research has
shown that the use of electrotherapy may provide
bactericidal or bacteriostatic effects as well.+

A good number of clinical human studies have
demonstrated the effectiveness of electrotherapy in
the enhancement of healing, as summarized in Ta-
ble 2 (sée pp. 134 and 135). These studies utilized
the following types of electrical currents: continu-
ous microamperage direct current, pulsed mi-
croamperage direct current, pulsed milliamperage
current, and high-voltage pulsed current (HVPC).

+References 12-23, 26, 27, 32, 35, 40, 48, and 52.
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Currently, HVPC appears to be the most thor-
oughly researched of the electrotherapy currents
available. Research on its effects on wound healing
includes clinical, animal, and. in vitro studies.

As Table 2 shows, many studies support the
use of electrical current in the treatment of chronic
wounds. In 1994, the Agency for Health Care Policy
and Research (AHCPR) published a guideline for
the treatment of pressure ulcers,”® which was de-
veloped by a panel of pressure ulcer experts and
was based on scientific findings and expert clinical
experience. The panel recommended that clinicians
“consider a course of treatment with electrotherapy
for stage Il and IV pressure ulcers that have
proved unresponsive to conventional therapy. Elec-
trical stimulation may also be useful for recalcitrant
stage II ulcers.”” The studies on which these rec-
ommendations are based***”*”*”” are also included
in Table 2.

TREATMENT CONSIDERATIONS AND
PROCEDURES

Current Types

Table 2 provides a review of some of the stud-
ies in which electrical currents have been used in
the treatment of wounds to promote tissue healing
and repair. The following types of current—contin-
uous microamperage direct current, pulsed mi-
croamperage direct current, pulsed milliamperage
current, and HVPC—have all been shown to en-
hance wound healing.® ~”” Figure 1 represents these
currents graphically.

When continuous microamperage direct cur-
rent is used to treat a wound, the clinician may
utilize a positive electrode (anode) or a negative.
one (cathode). The anode may attract neutrophils
and macrophages as well as cause clotting.* =2
The cathode may attract neutro];hﬂs, fibroblasts,
and leukocytes to the area.”™**%*® These cells
speed healing, self-debridement, and autolysis of
the wound. The solubilization of thrombic material
at the cathode also aids in wound debridement.”
Cathode stimulation has also been shown to en-
hance epidermal cell migration.”>”" Both the anode
and cathode may provide a bactericidal effect.””™*
(See Table 1 for more effects of anode and cathode
stimulation.) A protocol for the use of microamper-
age direct current is described by Kloth™: If the-
wound is infected, the cathode is placed on the
wound and the anode is placed at least 15 cm prox-
imal to it; parameters include 200-1,000 pA for two
to four hours a day, three to seven days a week.
When infection has cleared, the anode should be
placed in the wound, and polarity may be reversed
daily or every three days if healing plateaus.

Pulsed microamperage direct current was used
in two studies cited in Table 2. Both Barron et al.””
and Wood et al.* used probes to deliver pulsed mi-
croamperage direct current. (See Table 2 for the pa-
rameters.) Additional studies are required to sup-



port the use of this type of current and mode of
delivery.

In an example of the use of pulsed milliam-
perage direct current, Kaada” used a transcuta-
neous electrical nerve stimulator (TENS) in the
burst mode (2 bps) to treat the web spaces of the
hands of subjects with lower-extremity ulcers. The
author applied 15-30 mA of pulsed direct current
for 30—45 minutes three times a day, with the cath-
ode placed on the ipsilateral web space of the
hands of the subjects. Using this procedure he at-
tained 100% healing of the wounds of the ten
treated subjects. Feedar et al.”

of pulsed milliamperage direct current. They
treated stage III and stage IV chronic ulcers with
pulsed direct-current cathode stimulation at 128
pps, with a peak amplitude of 29.2 mA, for 30
minutes two times a day for seven days a week.
After debridement or when serosanguinous drain-
age appeared, the polarity was switched every

conducted a pro- .
spective, randomized, multicenter, controlled study

three days until the wounds could be classified

‘stage II. At this point, the frequency was dropped

to 64 pps to prevent overstimulation of the healing
tissue. Polarity was then switched daily. (See Table
2 for the complete, successful results of this study.)
Gentzkow et al.,” using a similar procedure for the
electrotherapeutic application of milliamperage di-
rect current, also had notable wound healing results
(Table 2).

Studies involving HVPC and tissue healing are
also highlighted on Table 2. Kloth and McCulloch®
present a protocol for HVPC using the anode on
the wound to promote autolysis and epithelializa-
tion and using the cathode to treat infection and
inflammation and promote granulation. According
to this protocol, the nontreatment electrode is
placed adjacent to the treatment electrode on intact -
skin. The frequency of HVPC should be 100 pps,
and for skin with intact sensation, the amplitude
should be set at a level to produce a tingling sen-
sation (submotor response); for skin with impaired
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FIGURE 1. Four types of current used in the treatment of chronic wounds, as described in the literature. A, Continuous
microamperage direct current. The polarity may be reversed. B, Low-voltage pulsed microamperage current. Polarity may be

constant or alternately reversed. C, High-voltage pulsed curren
current. (Reprinted with permission from McCulloch JM, Kloth L

7nd ed. © 1995, F. A. Davis Company.)

t. Polarity may be reversed. D, Low-voltage pulsed miliamperage
C, Feedar JA. Wound Healing: Alternatives in Management.
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TABLE 3. Protocol for Use of High-voltage Pulsed Current™

Inflammatory phase and proliferative/fibroplasia phase:
" Cathode on wound

Frequency, 30 pps

Intensity, 100-150 V

60 min once a day 5-7 times/wk
Epithelialization:

3 days cathode followed by 3 days anode; continue the 3-day

alternations

Frequency, 100-128 pps

Intensity, 100-150 V

60 min once a day 5-7 times/wk

Remodeling/maturation phase
Alternate polarity daily
Frequency, 60-64 pps
Intensity, 100-150 V
60 min once a day 5-7 times/wk

sensation, the amplitude is submotor. The wound
is treated for 60 minutes a day, five days a week.
Sussman® outlines a somewhat different approach
to applying HVPC, as shown in Table 3, in which
the ‘parameters are changed according to which
phase of healing is being addressed.

Polarity

Polarity has been mentioned in the previous
discussions of the different types of electrical cur-
rent used for healing tissue. Direct current, which
is often cited in research, can produce electrochem-
ical, pH, and temperature changes in cells and tis-
sue. These changes may play a role in some of the
tissue-healing and bactericidal effects that have
been reported. Care must be taken with direct cur-
rent because tissue damage may result from inap-
propriate and unsafe use. High-voltage pulsed cur-
rent has a very short pulse duration, allowing for
fewer pH, temperature, and other changes in the
tissue. Since there is less risk of tissue damage with
HVPC, it is a much safer electrical current to use
clinically.

Another issue addressed in the literature and
mentioned in this article is the switching of polarity
during the use of electrotherapy for tissue healing.
The switching of polarity appears to affect the heal-
ing process. However, more research is needed to
determine what types of wounds and what circum-
stances warrant polarity switches. -

Electrode Placement and Other
Considerations

Many considerations need to be taken into ac-
count when preparing a patient for electrotherapy
to enhance tissue healing, such as infection control,
cleansing and debridement of the wound, electrode
usage, parameters, and the types of wounds to be
treated. Infection control means ensuring that all

136 JOURNAL OF HAND THERATPY

the materials that come into contact with the
wound have been thoroughly cleaned and disin-
fected. Good hand washing and appropriate pro-
tective gowning and gloving protect the patient
and the therapist or health-care giver. In a study of
the efficacy of disinfecting the sponges and elec-
trodes used in electrotherapy for wound healing,
Kalinowski et al.”* found that a common disinfec-
tant containing dimethylbenzyl ammonium chlo-
ride was effective in disinfecting the sponges and
electrodes. Their technique included immersing the
electrodes and sponges for 20 minutes in the dis-
infectant diluted in water, followed by rinsing them
for five minutes in clean, running tap water. This
technique resulted in a 92% success rate for elimi-
nating bacteria.

Before electrotherapeutic current is applied, the
wound bed must be thoroughly cleansed to remove
necrotic material, exudate, foreign material, medi-
cations, and heavy metals.*®" Cleansing of the
wound promotes healing and prevents the inap-
propriate reaction of the current with any material
or medication that may have been present in the
tissue. Inspection of the wound before and after
treatment is necessary to assess and evaluate the
response to treatment.

Electrode considerations include the conduc-
tive medium and electrode size and placement. The
conductive medium may be a sterile saline-soaked
gauze under the electrodes, a saline-based hydrogel
dressing, or another product. The main concern is
the ability of the medium to conduct current safely
and to control infection. Brown® discusses some of
these electrode considerations as they pertain to the
use of HVPC. For example, the treatment electrode
is usually one quarter the size of the dispersive, or
nontreatment, electrode. It should be noted that
some types of electrodes can be cut to allow for this
size differential, whereas others cannot. '

The protocol used in some research on wound
healing involves the placement of the anode (the
positive electrode) proximal to the cathode (the
negative electrode). The basis for this is Becker’s
concept of the “current of injury” and his demon-
stration that the human body has a positive polar-
ity proximally, on the spinal axis, and a negative
one distally, on the periphery® Kloth and Feedar”
use this protocol successfully in their research. Grif-
fin et al.” do not follow this rationale for electrode

TABLE 4. Contraindications to Elt&«ttr()thera1>}f"'9'sl

Osteomyelitis

Cancer

Demand-type cardiac pacemakers
Pregnancy

Topical substances in the wound that would cause
irritation, tissue toxicity, or allergic reaction

NotE: Electrodes should never be placed near the heart, phrenic
nerve, carotid sinus, or laryngeal musculature.



_ placement and have found similar positive healing
rates. Further research into appropriate electrode
placement is warranted.

A review of the types of current used in elec-
trotherapy and healing shows that there are many
variations in the types of current and the parame-
ters used. It can be confusing and difficult to sort
out a beneficial and appropriate manner of apply-
ing therapeutic current to a patient. Reich and Tar-
jan® attempted to distill the research findings into
common dosages. Recent findings were compared
in terms of current density derived from the size of
the electrode used and the current intensity. The

authors found that a current density of 0.1-2.0 :

mA /cm’® appears to be effective in enhancing tissue
healing.*® This finding leads to more questions on
what parameters really are the most desirable to
effect the healing of tissue. Further research is
needed to get the root of these questions.

Finally, what types of wounds are appropriate
for electrotherapy? The following wound types
have been cited in the literature: pressure ulcers,
diabetic ulcers, vascular ulcers (venous and arterial
insufficiency), traumatic and surgical wounds, do-
nor sites, skin and tissue flaps, and burn wounds.
These and other types of wounds need to be stud-
ied further to delineate which current types and
what parameters will successfully augment the
healing process.

Contraindications and Precautions

Before finishing the review of electrotherapy
and its effects on healing, a look at the adverse ef-
fects, precautions, and contraindications is needed.
Few adverse effects are cited in the literature, ex-

‘cept for complaints of tingling or prickly feelings
and occasional skin irritation.®® Sussman® describes
the possibility that electrotherapy may cause an in-
crease in the pain of patients with peripheral vas-
cular disease.!’ As mentioned earlier, the clinician
must ensure that there are no foreign material,
medications, heavy metals, or other topical sub-
stances in the wound that may hinder the treatment
or adversely affect the care of the wound. In light
of these possibilities, electrotherapy should be uti-
lized with caution. Contraindications to the use of
electrotherapy are listed in Table 4. Before a wound
is treated electrotherapeutically, the patient should
be screened for these conditions.

CONCLUSION

Wound care and tissue repair is a fascinating
and rapidly developing field. This issue of the Jour-
nal, devoted entirely to recent findings and direc-
tions in tissue repair, is a testament to this fact. New
clinical techniques—utilizing biologic skin substi-
tutes, growth factors, growth hormones, ultra-
sound, laser, thermal and hyperbaric modalities,
electrotherapeutic currents, and others—need fur-
ther exploration. The use of electrotherapy to en-
hance and augment healing has been supported by

the literature. There is a need for new research to
be conducted to clearly outline the appropriate
wounds to be treated, current types to be utilized,
and parameter settings that produce the most ben-
eficial outcomes for tissue healing. Research is also
needed to develop new techniques for electrother-
apy and other forms of treatment so that the field
of tissue repair can be propelled into the 21st cen-

tury.

REFERENCES

1. Mathews AP. Electrical polarity in the hydroids. Am J Phys-
iol. 1903;8:294.

2. Lund ET. Experimental control of organic polarity by the:
electric current. | Exp Zool. 1925;41:155.

3. Burr HS, Harvey SC, Taffel M. Bioelectric correlations of
wound healing. Yale J Biol Med. 1938;11:103.

4. Lund ET. Bioelectric fields and growth. Austin, TX: Univer-
sity of Texas Press, 1957.

5. Sinyukin AM. Nature of the variation of the bioelectric po-
tential in the regeneration process of plants. Biofizika. 1957;

. 2:b2.

6. Borgens RB, Vanble JW, Jaffe LE. Bioelectricity and regen-
eratior: initiation of regeneration by minute currents. ] Exp
Zool. 1977;200(3):403.

7. Cunliffe-Barnes T. Healing rate of human skin determined
by measurements of electric potential of experimental ab-
rasions: study of the treatment with petrolatum and with
petrolatum-containing yeast and liver abstracts. Am J Surg.
1945;69:82.

8. Barker AT, Jaffe LF, Vanable JW. The glabrous epidermis of
cavies contains a powerful battery. ] Physiol (Lond). 1982;
11:R248. ’

9. Foulds IS, Barker AT. Human skin battery potentials and
their possible role in wound healing. Br J Dermatol. 1983;
109:515. -

10. Jaffe LF, Vanable JW. Electric fields and wound healing. Clin
Dermatol. 1894;(3):34.

11. Herlitz A. Ein beitrag zur physiologie der regeneration. Wil-
helm Arch Entwicklungsmech Org. 1910;10:126.

12. Iingworth CM, Barker AT. Measurement of electrical cur-
rents emerging during the regeneration of amputated finger
tips of children. Clin Phys Physiol Meas. 1980;1:87.

13. Becker RO. The Body Electric. New York: William Morrow,
1985. .

14. Vanable JW. Integumentary potentials and wound healing.
In: Borgens RB (ed). Electric Fields in Vertebrate Repair.
New York: Alan R. Liss, 1989:183.

15. Cheng K, Davis 5C, Oliveira-Gandia M, Tarjan P, Mertz PM.
Confirmation of the electrical potential induced by occlu-
sive dressings [abstract 28]. Proceedings of the Eighth An-
nual Symposium on Advanced Wound Care. 1995:130.

16. Rovee DT, Kurowsky CA, Labun J. Effect of the local wound
environment in epidermal healing. In: Miabach HI, Rovee
DT’ (eds). Epidermal Wound Healing. Chicago, IL: Year
Book Medical, 1972;159~81.

17. Winter GD. Epidermal regeneration studies in the domestic
pig. In: Miabach HI, Rovee DT (eds): Epidermal Wound -
Healing. Chicago, IL: Year Book Medical, 1972;71. o

18. Luther PW, Peng HB, Lin JJ. Changes in cell shape'and actin
distribution induced by constant electric fields. Nature.
1983;303:61 4.

19. Cooper MS, Schliwa M. Electrical and jonic controls of tis-
sue cell locomotion in DC electrical fields. ] Cell Physiol.
1985;103:363-70. : :

20. Cleary SF, Liu LM, Graham R, Diegelmann RF. Modulation
of tendon fibroplasia by exogenous electric currents. Bio-
electromagnetics. 1988;9:183—4. :

21. Monguio J. Uber die polare wirking des galvanischen stro-
mes auf leukozten. Z Biol. 1933;93:553.

22. Fukushima K, Senda N, Inui H, et al. Studies on galvano-
taxis of human neutrophilic leukocytes and methods of its
measurement. Med J Oska Univ. 1953;4:195.

April-June 1998 137




23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39,

40.

41.

43,

45.

46.

47.

48.

49,

Orida N, Feldman JD. Directional protrusive pseudopodial
activity and motility in macrophages induced by extracel-
lular electric fields. Cell Motil. 1982;2:243.

Weiss DS, Eaglstein WH, Falanga V. Exogenous electric cur-
rent can reduce the formation of hypertrophic scars. J Der-
matol Surg Oncol. 1989;15:1272-5.

Reich JD, Cazzangia AL, Mertz PM, et al. The effect of elec-
trical stimulation on the number of mast cells in healing
wounds. ] Am Acad Dermatol."1991;25:40-6.

Carey LC, Lepley D Jr. Effect of continuous direct electric
current on healing weunds. Surg Forum. 1962;33:5.
Kincaid CB, Lavoie KH. Inhibition of bacterial growth with
high voltage, monophasic pulsed current. Phys Ther. 1989;
69:651. :

Erickson CA, Nuccitelli, R. Embryonic fibroblast motility
and orientation can be influenced by physiologic electric
fields. J Cell Biol. 1984;98:296.

Dunn MG, Doillon CJ, Berg RA, et al. Wound healing using
a collagen matrix: effect of DC electrical stimulation. J. Bio-
med Mater Res. 1988;22(A):191.

Cooper MS, Schliwa M. Electrical and ionic controls of tis-
sue cell locomotion in DC electrical fields. J Cell Physiol.
1985;103:363-70.

Luther PW, Peng HB, Lin JJ. Changes in cell shape and actin
distribution induced by constant electric fields. Nature.
1983;303:61—-4.

Dineur E. Note sur la sensibilities des leukocytes a l'elec-
tricite. Bulletin Seances Soc Belge Microscopic. 1891;18:113.
Mohr T, Akers T, Wessman H. Effect of high voltage stim-
ulation on blood flow in the rat hind limb. Phys Ther. 1987;
67:526-~33.

Randall B, Imig C, Hines H. Effect of electrical stimulation
upon blood flow and temperature of skeletal muscle. Am J
Phys Med. 1953;22-6.

Hecker B, Carron H, Schwartz D. Pulsed galvanic stimula-
tion: effects of current frequency and polarity on blood flow
in health subjects. Arch Phys Med Rehabil. 1985;66:369-71.
Gentzkow GD, Miller KH. Electrical stimulation for dermal
wound healing. Clin Podiatr Med Surg. 1991;8:827-41.
Sawyer PN, Deutch B. Use of electrical currents o delay
intravascular thrombis in experimental animals. Am ] Phys-
iol. 1956;187:473-8.

Rowely BA: Electrical current effects on E. coli growth rates.
Proc Soc Exp Biol Med. 1972;139:929.

Wheeler PC, Wolcott LE, Morris JL. Neural considerations
in the healing of ulcerated tissues by clinical electric ther-
apeutic application of weak direct current: findings and the-
ory. In: Reynolds DV, Sjoberg AE (eds). Neuroelectric Re-
search. Springfield, IL: Charles C Thomas, 1972:83.
Barranco SD, Spadaro JA, Beger TJ, et al. In vitro effect of
wealk direct current on Staphylococcus aureus. Clin Orthop.
1974,100:250.

Cheng N, Van Hoof H, Bockx E, et al. The effects of elec-
trical currents on ATP generation, protein synthesis, and
membrane transport in rat skin. Clin Orthop. 1982;171:264~
72.

. Cruz NI, Bayron FE, Suarey AJ. Accelerated healing of full-

thickness burns by the use of high-voltage pulsed galvanic
stimulation in the pig. Ann Plast Surg. 1989;23:49-54.
Brown M, Gogia PP. Effects of high voltage stimulation on
cutaneous wounds in rabbits. Phys Ther. 1987;67:662~7.

. Bourguignon GJ, Bourguignon LY. Electrical stimulation of

protein and DNA synthesis in human fibroblasts. FASEB J.
1987;1:398-402. _
Alaverz OM, Mertz PM, Smerbeck RU, et al. The healing of
superficial skin wounds is stimulated by external electrical
current. | Invest Dermatol. 1983;81:144.

Falanga V, Bourguigon GJ, Bourguigon LY. Electrical stim-
ulation increases the expression of fibroblast receptors for
transforming growth factor-beta. J Invest Dermatol. 1987;88:
488. -

Im M], Lee WPA, Hoopes JE. Effect of electrical stimulation
on survival of skin flaps in pigs. Phys Ther. 1990;70:37-40.
Rowely BA, McKenna J, Chase G. The influence of electrical
current on an infecting microorganism in wounds., Ann N
Y Acad Sci. 1974;238:543-51.

Karba R, Stefanovska A, Savrin R, Potisk K. Effects of elec-
trical current on healing and growth of bacteria in decubitus

138 JOURNAL OF HAND THERAPY

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.
69.

70.

71.

72.

73.

74.

75.

ulcers [abstract]. Third International Symposium on Tissue
Repair. Miami, FL: Wound Care Information Institute, 1990.
Szuminsky NJ, Albers AC, Unger P, Eddy JG. Effect of nar-
row, pulsed high voltages on bacterial viability. Phys Ther.
1994;74:660--7.

Bolton L, Foleno B, Means B. The effects of direct current
stimulation on microorganisms in repairing wounds. ] Bio-
elect Rep Grow Soc. 1981;1:70.

Laatsch L], Ong PC, Kloth LC. In vitro effects of two silver
electrodes on select wound pathogens. J Clin Electrophysiol.
1995;7:10-5. .

Reed BV. Effect of high voltage pulsed electrical stimulation
on microvascular permeability to plasma protein: a possible
mechanism in minimizing edema. Phys Ther. 1988;68:491~
5.

Dodgen PW, Johnson BW, Baker LL, et al. The effects of
electrical stimulation on cutaneous oxygen supply in dia-
betic older adults [abstract]. Phys Ther. 1987;67:793.
Gangier KA, Manix NL, Baker LL, et al. The effects electrical
stimulation on cutaneous oxygen supply in paraplegics.
Phys Ther. 1988;68:835.

Politis MJ, Zanakis MF, Miller JE. Enhanced survival of full-
thickness skin grafts following the application of DC elec-
trical fields. Plast Reconstr Surg. 1989;84:267-72.

Reisch JF. The pathophysiology of skin flap circulation. Plast
Reconstr Surg. 1974;54:585-97.

Pollack S. The effects of pulsed electrical stimulation on fail-
ing skin flaps in Yorkshire pigs [abstract]. Presentation at:
Bioelectric Repair and Growth Society; 1989; Cleveland,
OH. Dresher, PA: Bioelectric Repair and Growth Society,
1989.

Brown M, McDonnell MK, Menton DN. Polarity effects on
wound healing using electrical stimulation in rabbits. Arch
Phys Med Rehabil. 1989;70:624-7.

Brown M, Gogia PP, Sincore DR. High voltage galvanic
stimulation on wound healing in guinea pigs. Arch Phys
Med Rehabil. 1995;76:1134~7.

Wolcott LE, Wheeler PC, Hardwicke HM, et al. Accelerated
skin healing of skin ulcers by electrotherapy: preliminary
clinical results. South Med J. 1969;62:795.

Gault WR, Gatens PF Jr. Use if low-intensity direct current
in management of ischemic skin ulcers. Phys Ther. 1976;56:
275.

Carley PJ, Wainapel SF. Electrotherapy for acceleration of

wound healing: low intensity of direct current. Phys Ther. -

1988;68:503.

Assimacopoulos D: Low intensity negative electric currerit
in the treatment of ulcers of the leg due to chronic venouas
insufficiency. Am J Surg. 1968;115:683.

Barron JJ, Jacobson WE, Tidd G. Treatment of decubitus ul-
cers: a new approach. Minn Med. 1985;68:103.

Wood JM, Evans PE 11, Schallrenter KU, et al: A multicenter
study on the use of pulsed low intensity direct current for
healing chronic stage Il and I decubitus ulcers. ] Invest
Dermatol. 1992;98:4.

Kaada B. Promoted healing of chronic ulceration by trans-
cutaneous nerve stimulation (TNS). Vasa. 1983;12:262.
Mulder GD. Treatment of open-skin wounds with electric
stimulation. Arch Phys Med Rehabil 1991,72:375-7.

Feedar JF, Kloth LC, Gentzkow GD. Chronic dermal ulcer
healing enhanced with monophasic pulsed electric stimu-
lation. Phys Ther. 1991,71:639~-49.

Gentzkow GD, Pollack SU, Kloth LC, et al. Improved heal-
ing of pressure ulcers using Dermapulse, a new electrical
stimulation device. Wounds. 1991;3(5)%:158.

Baker LL, Chambers R, DeMuith SK, Villar F: Effects of elec-
trical stimulation on wound healing in patients with dia-
betic ulcers. Diabetes Care. 1997;20:405-12.

Akers T, Gabrielson A. The effect of high voltage galvanic
stimulation on the rate of healing decubitus ulcers. Biomed
Sci Instrum. 1984;20:99.

Alon G, Azaria M, Stein H. Diabetic ulcer healing using
high voltage TENS [abstract]. Phys Ther. 1986;66:775.
Griffin JW, Tooms RE, Mendins RA, et al. Efficacy of high
voltage pulsed current for healing of pressure ulcers in pa-
tients with spinal cord injury. Phys Ther. 1991;71:443.
Unger P, Eddy ], Raimasiry S. A controlled study of the
effect of high voltage pulsed current (HVPC) on wound
healing [abstract]. Phys Ther. 1991;71:(suppl)R295. ’



